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Abstract 
We report the polymer solar cells using newly synthesized fullerene derivatives with fluorocarbon substituent (F-PCBM). F-
PCBMs were synthesized to improve a solar cell property byadding them to P3HT/PCBM mixture. According to the UV-vis 
absorption spectra and the cyclic voltammograms for F-PCBMs, the energy levels of the F-PCBMs couldn't be influenced by 
fluorocarbon substituent. We fabricated the polymer solar cells consist of P3HT/PCBM with each F-PCBM, and investigated 
their solar cell property. Some solar cells with F-PCBM showed increase of the short circuit current density (Jsc). F-PCBM with 
short fluorocarbon chain (PCB2F) significantly increased Jsc, and it showed higher solar cell efficiency (Eff= 2.31 %) than the 
solar cell with only PCBM (Eff=2.04 %). We also fabricated solar cells with PCB2F on the three condition of drying time before 
thermal annealing. As a result, the condition of "30 min" showed the highest solar cell efficiency than other tried one. 
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1. Introduction 
The organic solar cells that consist of ʌ-conjugated polymer as donor and fullerene derivative as acceptor have 
the advantage of low cost and easy processing due to solution based low temperature processes. They have been 
attracting much attention and have been investigated by many researchers [1-8]. The representative polymer solar 
cell is a bulk heterojunction (BHJ) solar cell fabricated with a blend of poly (3-hexylthiophene) (P3HT) and [6,6]-
phenyl C61 butyric acid methyl ester (PCBM), which shows high performance [3-6]. The BHJ solar cell has 
donor/acceptor interfaces throughout the film, and it indicates efficient charge transfer from donor to acceptor.  
For polymer solar cells, it is important to optimize morphology of the active layer in order to improve their 
performance. It is difficult to control phase separation by solution processes, however, several approaches have been 
proposed to modify the composition of polymer/fullerene derivative [5-7]. Q. Wei et al. have reported that BHJ solar 
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cell based on blends of P3HT and PCBM was improved by adding a small amount of fullerene derivative with a 
fluorocarbon chain (F-PCBM ) [8]. It is due to F-PCBM spontaneously formed very thin film layer on the surface of 
P3HT/PCBM layer by the low surface energy of fluorinated materials[9]. This is significant process to improve 
solar cell property via solution process. However, they have been presented on the solar cell property for only one F-
PCBM, phenyl-C61-buryric acid 1H,1H-perfluoro-1-octyl ester. In this study, we reported the solar cell property 
with new synthesized fullerene derivatives with different fluorocarbon substituents from above F-PCBM.   
2. Experimental 
2.1. Synthesis of the fullerene derivatives with fluorocarbon chain (F-PCBMs) 
 We synthesized four kinds of fullerene derivatives, PCB2F, PCB6F, PCB8F, and MPC8F. The synthesis rout e 
and their structures of each compound are shown in Scheme1 and Scheme 2.  
UV-vis absorption spectra of F-PCBMs were measured in CHCl3. The electrochemical properties were 
investigated by cyclic voltammetry in mixture solution of o-dichlorobenzene and acetonitrile (5:1) with 0.1 M 
TBAPF6. 
 
 
 
 
 
 
 
 
 
 
Scheme 1.Synthesis route of PCB2F, PCB6F, and PCB8F  
 
 
 
 
 
 
 
 
Scheme 2. Synthesis route of MPC8F 
2.2. Fabrication and Measurement of The BHJ Solar Cells with F-PCBM  
We fabricated BHJ solar cells based on the blends of P3HT/PCBM with a small amount of F-PCBM to, and 
investigate influence of F-PCBM on their solar cell properties. The solar cell consisted of P3HT and only PCBM 
was also fabricated for comparison, which was added additional PCBM commeasured with F-PCBM in 
consideration of influence by increase of fullerene. Poly (3,4-ethylenedioxythiophene) : poly(styrenesulfonate) 
(PEDOT:PSS), as anode buffer layer, was spin-coated on an indium tin oxide (ITO) coated glass substrate. The 
mixture of P3HT/PCBM with F-PCBM (5:4:0.2 w/w) was prepared by dissolving together in ODCB. The mixture 
with additive PCBM was also prepared for comparison (P3HT/PCBM 5:4.2 w/w). The active layer of the device 
was formed by spin casting from the mixture on the PEDOT/PSS layer. Then the films were dried at R.T. and 
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annealed at 140 °C for 20 min. The top electrode of Al was deposited on the active layer by a vacuum deposition, 
and then the device was annealed at 140 °C for 10 minutes again. The properties of the solar cells with each F-PCM 
were measured by using solar simulator (100 mW/cm2, AM 1.5 illumination) in air. 
3. Results and Discussion 
3.1. The Electrochemical Properties and The Absorption Spectra of F-PCBMs 
The electrochemical properties of F-PCBMs were investigated by the cyclic voltammograms in a solution of o-
dichlorobenzene/acetonitrile (5:1) with 0.1M TBAPF6, and PCBM was also investigated for comparison. They 
showed three clear reversible reduction waves respectively in the negative region. The half-wave potentials (E1/2 
=(Epa + Epc)/2) of the reduction processes of all materials are summarized in Table 1. The first reduction properties 
(LUMO level) for all F-PCBMs are almost same value as PCBM.  
The UV-vis absorption spectra of F-PCBMs and PCBM in CHCl3 are shown in Figure 1. The wavelengths of 
maximum absorption (Omax) for all F-PCBMs are around the peaks of PCBM (260 nm and 328 nm). As a result, the 
optical band gaps of F-PCBMs did not vary by fluorocarbon substitute.  
Fluorocarbon substituent has the strong electron-withdrawing nature. However, the measurement results of UV-
vis spectra and the cyclic voltammograms, fluorocarbon chain did not affect the energy level of the fullerene 
derivative. Therefore, it is considered that F-PCBM would not affect the Voc of the solar cell. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Absorption Wavelengths of PCBM and F-PCBMs 
 Table 1. Electrochemical Properties of  PCBM and F-PCBMs 
 
 F-PCBM 
E11/2 
(V vs Fe/Fe+) 
E21/2 
(V vs Fe/Fe+) 
E31/2 
(V vs Fe/Fe+) 
PCBM -1.06 -1.44 -1.95 
PCB2F -1.07 -1.46 -1.97 
PCB6F -1.07 -1.46 -1.97 
PCB8F -1.09 -1.48 -1.99 
MPC8F -1.08 -1.47 -2.01 
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3.2. Properties of the BHJ solar cells with F-PCBM 
We investigated the J-V characteristics of P3HT/PCBM solar cells without and with F-PCBMs. The photovoltaic 
parameters, Jsc (short circuit current density), Voc (open circuit voltage), FF (fill factor), and Eff (solar cell conversion 
efficiency) of these solar cells are summarized in Table 2. The solar cells with PCB2F, PCB6F, PCB8F increased 
short circuit current than the solar cell with only PCBM. However, the solar cell with PCB6F and PCB8F indicate 
lower FF than only PCBM. As a result, only PCB2F, which has short fluorocarbon chain, increased solar cell 
efficiency (2.31 %) than the solar cell with only PCBM (2.04 %). On the other hand, MPC8F, which has very 
different structure from PCBM, decreased the solar cell performance. 
The Voc value of each solar cell with F-PCBM is approximately same value as the device with only PCBM. 
These results correspond with the foregoing results from CV measurement and UV absorbance, that F-PCBMs have 
almost same HOMO-LUMO level as PCBM. Therefore, the solar cell properties were not influenced by the energy 
level of F-PCBM. On the other hand, the increase of Jsc value results from addition of F-PCBM.  We consider that 
this result is due to the morphology change by F-PCBM. It is well known that the fluoroalkyl chain has lipophobic 
and hydrophobic. According to this nature, compounds with perfluoroalkyl chain are likely to move toward the free 
(air) surface in the solution [10]. Generally, PCBM (acceptor) is rich in the substrate side in the P3HT/PCBM film 
[6]. However, we consider F-PCBMs were rich in the surface side due to perfluoroalkyl chain, and increase of Jsc are 
caused by this distribution, which decreased the hole-electron recombination loss at the cathode side. Additionally, it 
is considered the cause that only PCB2F improved the solar cell efficiency is low solubility of F-PCBMs in 
P3HT/PCBM mixture due to repelling nature of their long fluoroalkyl chain. It is more difficult to dissolve a 
compound with longer perfluoroalkyl chain in organic solvent. This nature applied to F-PCBMs. We guess that this 
repelling nature of perfluoroalkyl chain disturbed morphology of P3HT/PCBM to increase internal resistance. 
Therefore, F-PCBMs with long perfluoroalkyl chain, which existed besides the surface, decreased FF and solar cell 
efficiency.  
 
Table 2. The characteristics of solar cells 
 
 
 
 
 
 
 
 
 
 
 
We also fabricated the polymer solar cells with PCB2F on the three conditions of drying time at R.T. before the 
thermal annealing process for active layer, "3 min", "30min", "60min", respectively. We expected that enough 
drying time would improve the solar cell efficiency because we consider that F-PCBMs move toward the surface 
while the drying time before annealing. Their solar cell properties are shown in Figure 2. The corresponding 
photovoltaic parameters of these solar cells are indicated the following.  "3 min" indicates Jsc =7.74 mA/cm2, 
Voc=0.61 V, FF=0.39, Eff=1.83 %. "30 min" indicates Jsc =7.87 mA/cm2, Voc=0.60 V, FF=0.47, Eff=2.28 %. "60 
min" indicates Jsc =6.72 mA/cm2, Voc=0.61 V, FF=0.27, Eff=1.10 %. As a result, the solar cell on the condition "30 
min" shows the highest solar cell performance. We also investigated their spectral responsivity. The condition of “3 
min” and “30 min” showed almost same spectra, however the condition of “60 min” showed decrease of the peak 
due to P3HT.  
The alternation of the surfaces of these solar cells due to drying time was investigated by Atomic Force 
microscopy (AFM), The roughness values and the corresponding phase distribution values are summarized in Table 
F-PCBM Eff (%) FF Voc (V) Jsc (mA/cm2)
PCBM 2.04 0.56 0.51 7.11 
PCB2F 2.31 0.56 0.52 7.82 
PCB6F 2.00 0.54 0.50 7.23 
PCB8F 1.88 0.49 0.51 7.59 
MPC8F 1.50 0.46 0.48 6.83 
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3, and the phase images of the solar cells are shown in Figure 4. The AFM height images didn't show significant 
difference, and their roughness values are almost same. The phase images showed that the phase distribution 
decrease with increasing of drying time. The contrast of phase images indicates the difference of surface physical 
properties and components. According to the result of phase distribution on the surface of the solar cells, we 
considerer that dark area in the phase images corresponds to P3HT part, so the decrease of phase distribution 
indicate increase of the F-PCBM part on the surface due to enough drying time. before thermal annealing. However, 
"60 min" decreased the solar cell property (Jsc and FF) against our expectations. We think the cause of this decrease 
is beside the morphology, but we have not obtained precise answer to the cause yet.. 
 
 
 
 
 
 
 
 
 
 
Figure 2. The characteristics of solar cells 
Table 3. The roughness value and the phase distribution value from AFM images of solar cells with PCB2F on condition of drying time  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. The AFM phase images of solar cells with PCB2F on condition of drying time  
(a) 3 min, (b) 30 min, (c) 60 min 
Roughness 
Drying time Eff (%) 
Ra (nm) RMS (nm) 
Phase Distribution 
(deg) 
3 min 1.83 0.76 0.96 15.50  
30 min 2.26 0.94 1.20 11.77  
60 min 1.10 0.85 1.06 8.08 
(a) (b) (c)
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4. Conclusion 
In this work, we reported on the polymer solar cell with new fullerene derivatives with fluorocarbon substituent 
(F-PCBM). We synthesized the four kinds of F-PCBMs, PCB2F, PCB6F, PCB8F, and MPC8F. The absorption peaks 
and the first reduction potentials for all F-PCBMs were almost same with PCBM. It shows that fluorocarbon chain did not affect 
the energy level of the fullerene derivatives.  
We fabricated the polymer solar cells consist of P3HT/PCBM with small amount of each F-PCBM to 
investigated their solar cell properties. The result shows that the Jsc of solar cells with PCB2F, PCB6F, and PCB8F 
increased. PCB2F has short fluorocarbon chain, however only the solar cell with PCB2F improved the solar cell 
efficiency. We also fabricated the polymer solar cells with PCB2F on the different condition of drying time before a 
thermal annealing process. According to AFM phase images, "60 min" showed low phase distribution. However, the 
solar cell on condition "30 min" indicated the highest solar cell efficiency. 
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